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2. KIT GG KK A AP b G JE 2 8 38 TR 7L rp o, BRI 430070; 3. Wb B £ B 5
1@ BEFR G LAR BB F L, 20X 430070)

WE: IRAES ORI RS AREE AR ARG B, U UUE A 8Bk (Megalobrama
amblycephala) I TCNLE & 111 Je % & At (Oreochromis niloticus) Tt G, 4R 50 1 1 245 11 e J a5 o 2R 1A
EZHAFR BB SIAFERAAN AL LSRR KRG8 RER, REEAER collal
colla2 M col2al FEAT il (0 R0 TG il # b 1) &% B B D — 3, T Skt R0 251 S 1 34 6k DR 110) 2 56 1 1) Vs 1 #5790 % DA
o AREMIPHELAGEH oy Bl RS T REERIE SR ER, BkBicollalafcollal b H
55 Atz [FIE R Kl col 1 a1 FEA R A A LA () R IABERAEAE B 22 o AERISL M rh, [ A5 T A iR
FERES ENA T RE S e T RE, MRS e, HRIAB A . A kb5 /0 % JE A R R I
B e A5 R BoR: BkWicollalaMicol2al bFk R 2B AE LA B B LAHT (15 dph) FZEA L2 J5 (50 dph)
BEP<0.00)H N, H T A5 8 1 3 K col2a 1 bR R FIA B AEAN [F] I 22 53 BH R, o collaladk RITE50 dph
ML F W ;SRR AL, % = £ rpoiE 3 R R ) 28 AR, BRI AN K. BE iR T 1 2R
I1 A Jst 1 A il # 5 Jo o) # JUL PR b (R A B, 45 R B col ] a L 75 ] Sk i 1 J@ 2 50 £ iy b £ 2 rh 208
R AN R (P<0.01), AR5 L) B K B I AEAR G .
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FESES: Q34471 CHRFRINAD: A

JILTE]) & (Intermuscular Bone, IB), 14 % AL IE]#) |
U, 2 F SR IUNR 25 4 2H 23 0% 52 [R1 YR & A0 T R 1
st MR 1 B I 5 1B B T ek
AN BE T NIRRT N SRR L
BT RS R G AR, £ R EN TR R
B ECH /b B2, 2 B0 TR TR
i R LIRS BT 9 L 201 206045 1R T R,
HEZH R EFAENEETRE RIEES . EF
K, BN RIEG T R T HUA & R ARG 51 IR
WU 77 T FRIRIF 9 . WanZ Ui s 440 2 4] 3k 5 fU L 1)
mRNA 5 miRNAZ #H4 &, #7n 7 RENLEE K

ks B ER: 2020-04-27; 11T B #A: 2020-09-06
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BB AE VR 3L ™ 7 R LK H A SO SNP A 7R
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A — e AR, Nie2s " 0T 5c % BUULI) & B Ak
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(BMPs) S It 35k RG] 16 B B T AR
o ARk, JER S WUE & K AR RS OB
AR AEF = .
Ji2 Ji 25 F (Collagen) % ik 4 A%, ThiE

o Her, T R JE S H(Collagen type 1, COLT)
ST E A AN 1 Y, Heollal Mleolla2X:
R afd. 1R E 2 0 A0 T B B8 A ST S5 424, 1
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col2al R Zifith . WL AR I TR ] T AL
1A I 2 51 B (0 fe AR e A e
b, IR B AR RE A% K B IRk R E A
WO HRIE, Wcollal 75 BEW Y 1) 42 S B (Sparus
aurata) T35 T Y, coll0al (19315 1E 5 B (Ory-
zias latipes) b5 5 36 BB 40 i 1 L ST B
Gistelinck 25" DUBE Tt A AU 98 7 K& | ﬁ”ﬂﬁ?‘
JiR SRR B B R A, S A U A B
&, HEE AT RIEEAENETRERES UL
TR R R IR E FHIE AR F .

413kt (Megalobrama amblycephala)F & T i
J& H (Cypriniformes), i £(Cyprinidae), fifi V. £}
(Culterinae), 1 J& (Megalobrama), y& & FE ¥ i) &
gy P Bk s Bt
(RBE 5 /B ARl LA K =5 /& 7 b UL TR
B, HBEMEM B F RSB AE . BHE
20d7c A, W3k 05 4 o I A — AR LA R S
40d 7 A LB B AR e A R < JE Pl o fa A ) AR
K, WU B RS AR 247, B2 % 4
(Oreochromis niloticus) &K IE R, RIFEESE, &
Ft EAL T ) SR 2, o R ] SR
gz P, EﬂFﬁljbjﬁﬂ}% Bﬂﬂw*ﬁjﬂﬁﬂﬂl‘ﬂ
BRI, S B TR S N Rk S AN .
I, IX P SRR R FT LA 7/{93754?3/\
FHLE B EE AR AL o R 70 M S o 1 i R R A A
X5 WA E R E BIA I, A0t 58 LA WLE &
(1) 141 3k i TG LIE] 1 1) Jé 2 %0 R il i &, 3R
FUA R R TG T Y T B R A R R &R
GRRE, FFdE— 2o T T RS TAKREEA
FERTEAEAN[F R B B B CL LA [R] AL LY 2H 27
HR R R AR, D R A A R SR L) T T A
R T IR S

1 #RERZE

1.1 SEIHR

SIS BT FH (A1 3k 575 108 A AR R L B 40 1 505K 5 W
EEERMARAR],; JEF D IEa 1R AN B i
R K= ST, AT )T AR KR A AT 1R
fto NI T IS R 2R AR AN [R) L 23 (1
SR, BEALHEN 3 2 108 ] Sk i [F 35 44 . (143.23+
53.77) gl, 3R 1 e B B A [ R H (775.23+
26.88) g], HIMS-222 bR I¥ J= i 51l B M A RS
WL R ENURIR T USRS (B S UL B . X
T-5—60 dph(Days post hatching, dph) ] [4]3k 7 F1 J&
B2 A a4yt 1l FIMS-222 kI I, SRS R EE LA,
KAEFE NS, BT H4UE KA Ja S0 B R &

R, R 5 N80 C UK R AFAF o
1.2 Total RNAIZEU X cDNAE X

F Trizoli%(TaKaRa, K% )M —80°C %47 LA
FE it P52 B Total RNA, FFFH 1.0%35 I 5% B e HL ik
K 5 %4 . {5 F NanoDrop ND-20004% i & 11X
(Thermo, 3% ) E RNAJK & K i & . 2 [BHiS-
cript II Q Select RT SuperMix(Vazyme Biotech Co.,
Ltd., Nanjing, China)if 7 & DEEEH%/HRNAIEE%ijJ
cDNAJF, T80 c«?ﬁ%ﬁﬁ
1.3 IR5NAREEAEFENTE

Ensembl | F %xf Ut collal a(ENSDART0000
0009393.6)+ collalb(ENSDART00000015092.9).
col1a2(ENSDART00000042990.4)Hlcol2alb(ENS-
DART00000047844)JcDNAJF %1, 518 2 5 2

A5 () T Sk 7 2 40 UL PAY 9 S 20 1 510 Y3 A7 blast L
Xﬂ‘, PGk icollala (MN580510). collalb(MN
580511)Fcolla2(MN580512) 158 ¥ CDS & 51 fl
col2al bFE R HIF 4 CDSF 51 . K| HPrimer Premier
5087 51 vt B AL B R E R AR A
A I A~ 7 B R 1), ARSI cDNA Jy R it
F1 HAkEicol2albEFTERXIIMER

Tab. 1 Primers used for col2alb gene clone

SIF 5 Primer B KR EE PR

ClEvE S
sequence (5—3") T, (C) Product size

Primer name

(bp)

col2alb311  AGGCAACCCTGG

col2alb primerl AGAAGC 59 294
TAGCACCATCGAG
ACCTGAATA

col2alb5|¥2  CCTTTGAACCCTG

col2alb primer2 CGAGAC 58 646
GAGATGATGGCG
AACCTGG

col2alb5|¥3  TCTGGTAACCCTG

col2alb primer3 GTACTGATG 61 509
CCGACTTTGCCCT
GTGGA

col2alb7| P4 CGGGTCTCGCAGG

col2alb primerd GTTCA 58 480
TCCAGCCTTCCCA
GCCTCAC

col2alb5¥)5  CCTCGGTCACCAG

col2alb primer5 GAACAC 54 732
CGGTCCACAGGG
CAAAGT

col2alb51¥6  GGGAAAGACGGC

col2alb primer6  GCAAGA 60 508
ACCCACGCAACCC
AGCAT

col2alb517  CCAGAAGGTCCA

col2alb primer7 GAAGCAC 49 776
GGAGCCGCAGGT
AGAGTT

col2albi18  ACAATGGGTAGG

col2alb primer8 CGTGATG 61 1073
CTGCTGGAGCTCG
GGGAAT

col2alb3119  TGGCACCTAATAC

col2alb primer9 AGCAA 56 366
ACAAGAAACAGA

CGGCAC
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ITPCRY M. FH1%B I bEAs il =My Joi & ), B e
B PCR= P16 43 iU R A M H AR R A #]
Do K0P 3R15 1 B R R B S 2 v Bk
XHPEE, K15 B3k icol2al h(MNS580514) 1) 56 %4
CDSF4. 8% % Eficollal(ENSONIT00000008
027.1) colla2(ENSONIT00000013579.1)Fcol2alb
(ENSONIT00000006473.1)fJCDS ¥ %I E.# M En-
sembIE 4 22 T # 3 4
14 1ERS5NTEREEEEMEIRMES

{fi FINCBI ORF finder(https://www.ncbi.nlm.
nih.gov/orffinder/) £t £& Tl 5 K 1% Bl S HE, 4
ProtParam (https://web.expasy.org/protparam/) ;-
[ 85 TR R R 2R A EEALE . FHDNAMANEX
i e B % e i fl i ki collal (a/b)~ colla2-
col2al bER P FBLEE . 1 FINCBI BLAST & I
NS B R R [FEYE M B P A1, 5 FIMEGAT.0
AR RGO
1.5 [1B5NEREEREEREERESH

ZHOREN T B R E & A ZE R 75
55, UhB-actin NN SR, Wit g &Ik 2), &
RIERVEMHEARGIRA R G R LA Sk A8
B W R AN R K I R A RS A [ 2R
cDNANBiIHR, £ Wik & Hieff” gPCR SYBR”
Green Master Mix (Low Rox Plus)(#2&, )i #H
HEATQRT-PCRITSE o 2 VL HEAT 5 S AR

%2 EFEqRT-PCRAXS|IHIER
Tab. 2 Primes used for qRT-PCR

5| W14 #XPrimer name 5|49 7 %|Primer sequence (5'—3")

B3kt p-actin CGTGCTGTTTTCCCTTCCATT
CAATACCGTGCTCAAAGGATACTT
Fkticollala CAGCCGCTTCACATACAG
GCCAACTTCAATGCCAAA
B1:ktgicollalb TGCGCCTGATGTCCAACCAA
CGTCCTCGCTGACTCTGTATGTG
Skificolla? TTGATGGACGCAAAGGAG
CAGAAGGGCCAACACGAC
B13kticol2alb CTGAAACTCTGCCACCCA
CCTTGTTAGTCCACCAGTTCTT
JRF Bt p-actin - CCCACCTGAGCGTAAATA
CCTGAGTTGTGTATGAGAAATG
Je B Wk ficollal GAAGCACGTCTGGTTCGG
GTGGTAGGTAATGTTCTGGGAT
BB P AEthicolla2  AGAGCGGCAGCCTGAAGA
GGAGGCGAGATGGTTTATTT
JeZ Bk ficol2alb  GTCTGCCTTCGCTGGTCT
GCTGCGGATGTTCTCAAT

RKIEKPIFE . Al FHSPSS# f & Duncan’s Mul-
tiple Range Test>k HL S R 78 4 #1 AN [R] & & B HH K
ANTF A Z A R A 28 K

2 #£R

21 EFREREFREBAMERSH

Fe T B[R] YR, el FH B 5 £ R0 £ L TR 4
ToREPHE T Bk 1S 1R R R & A 8, HFAE
2 38 A0F T 8 1) A 1) e R . B AR A1 Sk
[ B JE & Hcollala collalb colla2 F 11 B
JREE Heol2al bINZ 0751 . HCDSFHIK FEAK IR
4347, 4353, 4059F13741 bp, 4> Hl4wfi 1448,
1450, 1352F11246 M 3% . i ProtParam 3K {f:
SXof 2 DR HEAT R AR 5T W7 (35 3).
2.2 EFERLEMSH

i FIDNAMANX} N (Homo sapiens)~ (Mus
musculus)~ ¥ (Gallus gallus)~ ¥ (Sus scrofa)~ =
(Ovis aries) B2kt (M. amblycephala) [ HoAth 425
M T T BYRR R B 1 B TR (1 S 1 5 9 gk AT LR AR,
HAFHMEGA 7.0 RGN . 45 R 5w,
] Sk fijj 5 30 £ 44 55 DR 110) S 35 TR AR ABLE 4 ik 2
194.23%(collala). 90.46%(collalb). 93.32%
(colla2)F184.77%(col2alb), & A AR MER (- 1),
Sk B3 0 Je B 2 A £ 25 TR 1 1 R R L v 45 1 B
Hkticollala. collal b B % ¥ Ak fhcollal =4
J IR = I R AL N83.39%, B3k fificollalas
Je B B e fhcol lal WIFFHIHEN T 157N R E IR, H13k
fificollal b Je B % Ak ficol lal I F HI4H N T 1594
R, B3kt 582 B el col a2 R EER T
FIAABE N 67.38%, Bkt e B %' 4k fa 1)
col la2[FHAERN T 21242 L1 Akt 5 e 0 &' 4E
i col2al b ¥ HIFIALEE H74.8%, k5 B B %
JEBAFE245 N AR A B (] 1) T A4 112
I 5 1) 22 G i3k A A S 1 2 S I LSRR R B 2R )
AL A B LT, AN Koy . R R
W BT R S /NVE R S /e, AN R R S
BEAL 2 BT 8 45 B Sk fy . B BT T £ 455 ) £
RIEE—, MR D, 08 & b5 F1 75 0 2 0 )
1 RAE—3 (& 2).
23 EFEEARBLANERFTESH

DA TS [ 3k fj A 1ks JE B B R o kL, SR
qRT-PCRJj %5 #rcollal(alb)~ colla2ficol2al bTE
IRARAS [F AL L L rp R R B 1 O, 45 R R
[ R R 2R (A (collal Flcolla2) (E k5 5. &
W KT R RIS BRI TR, P A
H ) &5 BTV T RS (K 3AM3B). Bk
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collala1RIE/KF 3 T collalb, collalaft 4]
kgt Rl B KR N AR R R IAE
MR 2 BEAR(P<0.01), collal b3k U T B 2 1k
Z7(P>0.05). BAEfcollal £E ) LML %
rEASTHMNKFHRER, H B LR EEE
F(P>0.05). 13k 5 B 4E i coll a2 2 R ) Rk A5
K Gcollal 251, BFh i Zcolla2EF LR E R
ML )RR IA B AR R, R LT 5 R
BN 75 WL H ) R I8 1 I 25 M (P<00. 01)?[&%0 It
A, ik T4 R W col2al bE BRI, BB
7 B AR TR 5 LA R E’Ji%iiﬁw\ﬁﬂ&, E?EHE
1 AH R ERAL 1 R IE B AR KT (K 3C). 73k
FEH EO7 5 R T LA col2al bR FIE TG 8. 3%
Z 5 (P>0.05), HHNLA K mREES BRI

HFRRIEEGWE# 2 R (P<0.01);, MP L
col2albTE =AFRALI LA R IR B A R I8 25 T
(P<0.05). MtAbh, 25 FIaRH T B i R 25 (2R R TE
B3k (collalafcollal b) %A WLIAIZH 2R R 1 3R
IS EW SR EA S T P Ak f(collal, E 3A).
24 KEEPEEEARLXEMEBENTRIESH
A7 K FHQRT-PCR T VES T T H bn L K {E
13kt 411 JE B B 1 5—60 dphffI iAW 4
fiior, Blkfficollala\5—15 dph i E ik & ETFE
W, 1E20—40 dphRIAEEEMMMH LR ZHZE R
(P>0.05), M {E50 dph/Zc 47 ik & L H IR B %
(P<0.01)_FF, 60 dphff 3R 1A & FRARAE A 7R ¢ = K
F; collal bEERITE By BRI /K P AR AR B A
NFEE, B B2 TG 3 % 5 (P>0.05), collalb

=3 Hkth | B BAREE A ERNEL MR
Tab.3 Physicochemical properties of type 1 and type II collagen genes in M. amblycephala

FehrIndex collala collalb colla2 col2alb
ﬁ}rTﬁFormlﬂa C5858H9l37N180501934S44 C5831H9089N180301924S45 C544OH8516N173201767526 C5024H7864N15860165‘)S20
43 F 5 fitMolecular weight 137.21 ku 136.68 ku 127.29 ku 117.67 ku
CDSF¥ %1% fELength of CDS
sequence 4347 bp 4353 bp 4059 bp 3741 bp
R IR E Number of amino acids 1448 1450 1352 1246
i 1E FLAT (1 2 B R 7R Total
number of positively charged 127 121 121 118
residues, Arg+Lys
T LT I = R R B FE Total
number of negatively charged 143 139 102 114
residues, Asp+Glu
% i, 1 Theoretical pl 5.44 531 9.37 8.38
A 5E 16 Bnstability index 11 24.27 26.42 24.67 22.48
[l Wi 1% Aliphatic index 36.02 37.55 39.79 37.09
FKEEF 2 2 HiGrand average of ~0.75 0732 ~0.749 -0.843

hydropathicity

e A

410
sirelerainang

40 430 440 450 460 470

M. amblycephala collala g
M. amblycephala collalb
O. niloticus collal

FAGRFGARCERGHRCEMGACEVIGEEGE FELA =&
HE L FELCEABECAG FHEE FEFVE PSS LAGE SCEE

. Il '
590 6(|)0 6|10 6|2O : _

M. amblycephala colla2 TS 3
O. niloticus colla2 , e ..

1

200 21

| mnuw I TR IIQLQ)LL!Q'_l!'.!LLJILﬂHﬂ;I;@IM\

SGE o]

M. amblycephala co{%al b S S R O

O. niloticus b & T i

K1 REL S5 RE D HAkm 1 85 1R R A B R 2 B P 41 L

Fig. 1 Comparison of amino acids of type I and type Il collagen genes in M. amblycephala and O. niloticus
T HEFIT R X 3R] S 2 R e 2

Amino acid deletion can be seen in the area indicated by the box
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fE15. 50260 dphHIRIEE B E MK T collala(P< FEE TR S, 1S dph e 4 FFUE 2 25 (P<0.01)
0.01). BFZAEficollal WKL L% ETHE T b Ft, #£30 dph e 4715 BUEAE, 40 dph /e 47 Kk & IF

100 col2alb $E 5y 1fi Danio rerio (NP_001268407.1)
i‘f col2alb A3t Megalobrama amblycephala (MN580514)

55

[ colala 1185 Oryzias latipes (NP_001233588.1)
94 col2alb HitiE Monopterus albus (XP_020474994.1)

21
colRal 3 Gallus gallus (XP_025001042.1)
ol colRal /INFR Mus musculus (NP_112440.2)
03 100 col2alZ£ Ovis aries (XP_027823200.1)
WE col2al ¥ Sus scrofa (XP_020948270.1)
19 col2al N2k Homo sapiens (NP_001835.3)
100 col2ala HEH 1l Danio rerio (XP_005166920.1)
L col2ala H3-; Megalobrama amblycephala (MN580513)
98 98 col2alb 758 Oryzias latipes (XP_023812895.1)
9% col2ala 8% Monopterus albus (XP_020466343.1)
67 col2ala Je % HAL M Oreochromis niloticus (XP_003439010.1)
TE col2ala ¥ T8 Cynoglossus semilaevis (XP_008317733.1)
34 _col2al XY Paralichthys olivaceus (XP_019951798.1)
_col2ala LB Petromyzon marinus (ABB536372)
97— col2alb L Petromyzon marinus (ABB53638.2)
50 collal 3 Ovis aries (XP_027830506.1)
ﬁE collal N2 Homo sapiens (CAA98968.1)
86 collal ¥ Sus scrofa (XP_020922812.1)
98 collal /NE Mus musculus (NP_031768.2)
collal X Gallus gallus (XP_024999899.1)
100
collalb BE 5 1f Danio rerio (XP_005156033.1)
4]00: collalb B34 Megalobrama amblycephala (MN580511)
100 — collala W3k4j Megalobrama amblycephala (MN580510)
59 35 L—— collal B tf Ctenopharyngodon idellus (ADK35755.1)
%9 collala ¥EH; 4 Danio rerio (NP_954684.1)
collal #§ Carassius auratus (BAG72200.1)
” 60— collala 8 Cynoglossus semilaevis (XP_008328838.1)
collala ¥l Monopterus albus (XP_020441049.1)
99 collal JEB LAt Oreochromis niloticus (XP_019212945.1)
5L coltal %8 Paralichihys ofvacens (XP_019961379.1)
74 colla2 /N Mus musculus (NP_031769.2)
99 _|: colla2 NZ& Homo sapiens (NP_000080.2)
colla23: Ovis aries (XP_004007775.1)
100 7: colla2¥¥ Sus scrofa (NP_001230584.1)
colla2 3 Gallus gallus (NP_001073182.2)
91— colla2#3kt; Megalobrama amblycephala (MN580512)
100 61 L colla2®iffi Ctenopharyngodon idellus (ADO14592.1)
66 colla2fl) Carassius auratus (BAG72201.1)
colla2¥t 5 £ Danio rerio (XP_005159770.1)
100 coll a2 KPGHEEE Salmo salar (XP_014033988.1)
69
64
B2 T 2N TT 2 e 5 o R 2 R R ek b o #r
Fig.2 Phylogenetic analysis of type [ and type Il collagen genes

FLZL T RN AR & A LR B (BE = /N A 5 /N I 6, RN e bmidi AN 25 JULIE) B (B 5 /N7 AR 5 /0B 1 .2
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PHYLOGENY AND COMPARATIVE EXPRESSION ANALYSIS OF TYPE [ AND
TYPE II COLLAGEN GENES IN THE REPRESENTATIVE FISH SPECIES
WITH AND WITHOUT INTERMUSCULAR BONES

3
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(1. Key Lab of Freshwater Animal Breeding, Ministry of Agriculture and Rural Affairs/Key Lab of Agricultural Animal Genetics,
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China; 2. Engineering Research Center of Green Development for Conventional Aquatic Biological Industry in the
Yangtze River Economic Belt, Ministry of Education, Wuhan 430070, China; 3. Hubei Province Famous Fish
Breeding and Healthy Aquaculture Engineering Technology Research Center, Wuhan 430070, China)

Abstract: Intermuscular bone (IB) is a type of membrane bone that derive from the continuous homogeneous ossifica-
tion of the connective tissue in fish muscle. Collagen genes involved in the regulation of vertebrate bone mineralization,
but it is not clear whether its expression is related to the development of fish intermuscular bones. In order to study the
correlation among collagen genes and IB formation, this study first analyzed the phylogenetic evolution of type I and
II collagen genes in fish; then compared genes expression levels at different stages and tissues between Megalobrama
amblycephala with intermuscular bones and Oreochromis niloticus without intermuscular bones. Phylogenetic analysis
of the collagen genes collal, colla2 and col2al showed that fish species with IB and species without IB were clustered
into different branches, and the amino acid homology of M. amblycephala and O. niloticus genes was less than 90%.
There were significant differences between the expression levels of collala and collalb genes in M. amblycephala and
homologous genes collal in O. niloticus in several muscle (dorsal, upper caudal and lower caudal muscles). In M.
amblycephala, the expression levels of type [ and type II collagen genes in the dorsal muscle were higher than those
in the caudal muscle; however, in O. niloticus, the expression of these genes was opposite to that of M. amblycephala.
The expression of collala and col2alb genes of M. amblycephala increased significantly before the appearance of in-
termuscular bones (15 dph) and after the appearance of all intermuscular bones (50 dph). The relative expression of
type I collagen gene and col2alb were significantly different in different periods, and the expression abundance of
collala at 50 dph was extremely high. Compared with M. amblycephala, the expression change of these genes in Oreo-
chromis niloticus were small, and the overall fluctuation was not large. These results revealed that the expression level
and pattern of collal in two species were significantly different (P<0.01), therefore we speculate that collal is poten-
tially related to the development of IB.

Key words: Intermuscular bone; Megalobrama amblycephala; Oreochromis niloticus; Collagen genes; Genetic
evolution; Expression analysis
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